The possibility of an association between occupational exposure to silica and a raised risk of lung cancer has been explored recently using various study designs and worker populations. Similarly, the possibility of an association between silicosis and lung cancer has been investigated. McDonald, commenting on the interpretation of the human studies stated that "the epidemiological findings are not consistent, risk estimates are generally low, exposure response has not been studied, and the possibilities for confounding by other carcinogens, including tobacco, are many."2
The present case-control study follows a previous study in which no association was found between lung cancer and either silicosis or exposure to silica dust in South African gold miners identified from the records of their pension fund. 3 The present study extends that work, identifying cases and controls from the computerised records of necropsies performed on white gold miners at the National Centre for Occupational Health In addition, the number of cigarettes or equivalents smoked a day at five, 10, 15, and 20 years before death (within two years) were recorded when available. One gram of pipe tobacco was considered equivalent to one cigarette and one cigar equivalent to five cigarettes.
Univariate comparisons were performed using the t test for continuous variables and the chi-squared test, and the chi-squared test for trend for categorical variables. Multivariate comparisons of silicosis and lung cancer were first performed by stratification, looking for trends in the odds ratios, and by using conditional multiple logistic regression, controlling for smoking, cumulative exposure to silica dust, and age. Odds ratios for lung cancer and silicosis were calculated for each quartile of cumulative dust exposure. These odds ratios were tested for equality using the Breslow-Day test for homogeneity. Mantel-Haenszel summary odds ratios were also calculated with 95% confidence intervals. ORM-H = 1 1, 950o CI = (0-77-1-58).
XB-D = 272, df = 3,p > 020.
Quartiles were determined by dividing the distribution of cumulative dust exposure (for cases and controls combined) in quarters. The first quartile represents the lowest quarter of the observations.
The association between silicosis and lung cancer was also examined according to the number of cigarettes smoked 10 years before death (table 7) . No trends were apparent and the summary odds ratios did not significantly differ from one.
Discussion
The data presented above indicate no association between lung cancer and either silica dust exposure or silicosis. Several characteristics of the study should be considered in evaluating these results.
(1) Though the necropsy rate among white South African gold miners is approximately 86%,3 the next of kin of miners who have been fully compensated in life (implying at least 40% disability) cannot benefit financially as a result of the necropsy findings. Workers fully compensated in life are, therefore, underrepresented (but certainly not unrepresented) in the necropsied population. Silicosis is not uncommonly found in fully compensated workers; however, (4) The possibility that miners who had been certified for silicosis in life might change their smoking habits after certification (specifically, cut down) was considered. Changes in smoking habits were determined for those who were certified either for silicosis or obstructive airways disease between five and 20 years before death; the period for which smoking data were available. Changes in smoking habits during the comparable period for those who were not certified in life showed that those who were certified for silicosis were less likely to decrease their smoking after certification (33% decreased) than those certified for obstructive airways disease (48% decreased), and were about as likely as those not certified in life (37% decreased) to cut down.
(5) The lack of an association between exposure to silica dust and lung cancer shown in this study is consistent with most recently published reports. Nevertheless, the possibility that a threshold may exist for exposure to silica and risk of lung cancer should be considered. The data presented in several of the reported mortality studies indicate that exposure levels were probably high in some studies. Twenty four per cent ofthe deaths among controls in the population based study of Forastiere et al were attributed to silicosis.7 Similarly, Zambon et al reported that 236 of 878 (27%) deaths in their study were due to silicosis with a further 175 (20%) attributed to tuberculosilicosis-that is, nearly half the deaths reported were associated with occupational exposure to silica.8 On the other hand, in a recent mortality study of 3971 white South African gold miners neither silicosis nor tuberculosis could be considered the underlying cause of death in any worker when all available information including routine and specialist examinations in life (which included radiographs and lung function tests), postmortem examinations, death certificates, and hospital records was considered.6 Mean exposure was 0-2 mg/m' of quartz in that study with a range from 0-1 to 0 8 mg/m'. In the present study the cause of death was based on the necropsy results and the death certificate. Pneumoconiosis was considered to be the cause of death for only one subject (a control) and tuberculosis the cause of death for four cases (1-7%) and six controls (1-9%). Possibly the dust concentrations in South African gold mines during the past 20 to 30 years have been so low that an exposure disease relation cannot be found.
(6) The possibility was considered that the entry criterion of at least 1000 dusty shifts, or employment practices and exposure characteristics, or all these, in the South African gold mines might have resulted in such limited variability in the exposure measures that an effect could not be seen. Most studies exploring the association between silicosis and lung cancer have shown positive associations, whereas this study and its predecessor3 showed no such association. Possible explanations for such a difference have been suggested by Heppleston, 9 Archer et al,10 and McDonald,' and include a lack of information on smoking and concomitant exposures to radon daughters and polycyclic aromatic hydrocarbons. It is worth while to explore these and other factors.
(1) Few data exist to evaluate the possible association between silicosis and smoking. An analysis of two cross sectional studies in white South African gold miners produced odds ratios of 1-5 and 1-7 for ever versus never smoking and the presence of radiological silicosis (unpublished data). Studies designed specifically to explore this association and including information on whether smoking and silica exposure were simultaneous should be undertaken. If such an association exists the results of follow up studies of silicotic subjects could be confounded seriously.
(2) Another possible confounder to be considered is asbestos. A recent study by Davies et 
